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Tsevdos
[57] ABSTRACT

A method is described for screening retinoid X receptor
agonists or antagonists using a retinoid X receptor expressed
by a yeast expression system to screen a compound having
a retinoid X receptor agonist or antagonist activity. Another
screen is described for detecting a compound having retinoid
X receptor agonist or antagonist activity by: (1) providing a
yeast strain which expresses the retinoic acid receptor and
activates a reporter plasmid containing apolipoprotein Al
gene site A or a mutated variant thereof; (2) incubating the
compound in suitable media and a colorless chromogenic
substrate; and (3) examining the media for development of
color. Mutated variants of apolipoprotein Al gene site A
which respond selectively to the retinoid X receptor or
respond to receptors other than RXRa are also described.

6 Claims, 9 Drawing Sheets
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MECHANISM-BASED SCREEN FOR
RETINOID X RECEPTOR AGONISTS AND
ANTAGONISTS

This is a divisional of copending application Ser. No.
(07/999.,071 filed on Dec. 31, 1992,

BACKGROUND QOF THE INVENTION

1. Field of the Invention

The present invention relates to a novel screening method
for the retinoid X receptor using a yeast-based expression
system. The use of this yeast system enhances the ability to
screen for agonists and/or antagonists of the steroid/thyroid
receptor superfamily.

2. Description of the Related Art

Increased concentrations of high density lipoproteins
(HDL) in the plasma are associated with protection against
coronary artery discase manifested by atherosclerosis. The
major protein constituent of HDL is apolipoprotein Al
(apoAl), a lipid binding protein involved in the transport of
cholesterol and other lipids in the plasma. Mutations that
inactivate the gene coding for apoAl cause deficiencies in
apoAl and HDL plasma levels associated with severe pre-
mature atherosclerosis.

Retinoic acids or vitamin A derivatives are essential for
diverse aspects of development and differentiation. Recent
cloning of the retinoid X receptor (RXR) revealed that this
protein is a novel member of the steroid/thyroid receptor
superfamily of ligand dependent transcription factors. One
of the potent targets for RXRol action is the gene encoding
for apoAL In mammals, the apoAl gene is expressed pre-
dominantly in the liver and the intestine. Recent evidence
suggests that increased transcription rates of the gene coding
for apoAl are associated with increased liver apoAl mRNA
steady state levels and increased plasma apoAl and HDL
levels which are thought to prevent atherosclerosis. Liver
specific expression (i.e., transcriptional activation of the
apoAl gene in liver cells) depends on synergistic interac-
tions between transcription factors bound to three distinct
sites, sites A(—214 to —192), B(-169 to —146) and C(-134 to
~119), within a powerful liver specific enhancer located
between nucleotides —222 to —110 upstream from the apoAl
gene transcription start site (+1). Several members of the
steroid/thyroid nuclear hormone receptor superfamily bind
with high affinity to site A. In particular, the recently
identified retinoic acid (RA) responsive receptor RXRO
binds to site A either as a heterodimer with the retinoic acid
receptors RARo., RARP and RARY or the orphan receptor
ARP-1 in the absence of retinoids, or as a homodimer in the
presence of 9-cis-RA. Alone, the previously characterized
RA receptors RARo and RARP do not bind to site A. Thus,
although site A responds selectively to RXRal over RARX
and RARB, it nevertheless binds efficiently to RXRo/RARX
and RXRo/RARP heterodimers.

In mammalian cells, RXRa activates transcription of
nearby basal promoters from site A in the presence of low
concentrations (107" M) of 9-cis-RA but not in response to
similarly low concentrations of all-trans-retinoic acid (all-

trans-RA). However, RXRo and RAR0. together can acti-
vate transcription in response to low concentrations of either
9-cis-RA or all-trans-RA. In contrast, the orphan receptor
ARP-1 binds to site A and antagonizes this RXRo and RA
dependent transactivation. Although these observations raise
the possibility that different retinoids activate transcription
from site A via different homo- and heterodimeric versions
of RARs, the presence of endogenous RARs in marnmalian
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2

cells commonly used for these experiments precludes
unequivocal elucidation of the specific signaling pathways
involved.

Although 9-cis retinoic acid is a potent ligand for RXRQ.,
retinoids have toxic side effects when used at high concen-
trations. Thus, the specific aims of the present invention are:
(1) Development of a high throughput receptor-based screen
to identify novel nontoxic ligands for the retinoid X recep-
tor; and (2) Production of yeast recombinant retinoid X
receptor for in vitro DNA-binding studies (gel shift assays).
which can be exploited as a fast screening assay to identify
new ligands for RXRa or to identify new factors which
heterodimerize with RXRor.

It has been previously reported that the chicken proges-
terone receptor and the human Vitamin D3 receptor can be
functionally expressed in yeast. It has not. however, been
reported or suggested in the art that the retinoid X receptor
can be expressed in yeast and, if expressed, can be useful for
a screening method in which nontoxic agonists and antago-
nists of RXRa may be determinable.

BRIEF DESCRIPTION OF THE DRAWINGS

The background of the invention and its departure from
the art will be further described hereinbelow with reference
to the accompanying drawings, wherein:

FIG. 1A shows the yeast expression plasmid for RXRo
(YEpRXRo). The human RXRo coding sequence is inserted
into the yeast expression vector to produce a ubiquitin
(UBD-fusion protein under the control of a constitutive
promoter, triosephosphate dehydrogenase (TDH,). TRP1 is
the tryptophan selectable marker and 2 micron is the repli-
cating yeast DNA.

FIG. 1B shows the yeast reporter plasmid for RXRo
(YEpA). An oligonucleotide containing two copies of site A
as retinoid X response element (RXRE) is inserted into the
unique Xhol site of the yeast reporter plasmid at the nucle-
otide position of —250 upstream of the iso-1-cytochrome C
promoter, which is fused to the lacZ gene of E. cofi. URA3
is the uracil selectable marker.

FIG. 2 shows that the RXRo produced in yeast het-
erodimerizes with ARP-1 and RAR( produced in mamma-
lian cells. Extracts (40 pg) from yeast cells producing RXRo
(YRXRa extracts, lanes 1-6) and from untransfected yeast
control cells (yCONT, lanes 7-12) are mixed with extracts
(2 pg) from untransfected CMT cells (lanes 1 and 7) or from
CMT cells transfected with vectors expressing ARP-1 (lanes
2 and 8), ARPAAI1 (lanes 3 and 9), ARPAAG (lanes 4 and
10), ARPAA7 (lanes 5 and 11) or RARx (lanes 6 and 12) and
the mixtures are analyzed by EMSA using **P-labeled oligo
A as a probe. The resulting autoradiogram 1s shown.

FIG. 3 demonstrates that the heterodimers between yeast
produced RXRo and CMT cell produced ARP-1 or RARQ
bind with high affinity and specificity to site A. Extracts (40
ug from yeast cells producing RXRo (YRXRx lanes 1-16)
are mixed with extracts from CMT cells transfected with
vector expressing ecither ARPAAL (lanes 1-8) or RARQ
(lanes 9-16) and are analyzed by EMSA with ““P-labeled
oligo A as a probe in the presence of the indicated fold-molar
excess of unlabeled oligo A (A), oligo Amut (Amut) or oligo
B (B). RXRa/ARPAA1 heterodimers and ARPAAI
homodimers are indicated by arrows on the left, and RXRov/
RARo homodimers by an arrow on the right.

FIG. 4 iHustrates that RXRo produced in yeast binds to
site A as a homodimer in the presence of 9-cis-RA. Extracts
(60 pg) from yeast cells producing RXRo (YRXRo, lanes 2,
3. 6 and 7) and from yeast control cells (yCONT, lanes 4, 5.
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8 and 9) are analyzed by EMSA using >*P-labeled oligo A as
a probe after mixing with extracts (2 pg) from untransfected
CMT cells (lanes 1-5) or from CMT cells transfected with
a vector expression ARPAA1 (lanes 6-10) in the presence
(lanes 3, 5, 7 and 9) or absence (lanes 1, 2, 4, 6, 8 and 10)
of 5x107°M 9-cis-RA.

FIG. 5 describes the ligand-dependent transcriptional
activation of RXRo in yeast. Yeast strains carrying the
receptor and reporter plasmids (YEpRXRo/YRpA) are
grown in medium containing 1x107°M each of either all-
trans-retinoic acid (RA), 9-cis-retinoic acid (9-cis), testoster-
one (T), 17-B estradiol (E,). progesterone (P,), ecdysone
(Ecdy), thyroid hormone (T';) or no hormone (Con). Induc-
tion of B-galactosidase enzyme (Miller Units/mg) is mea-
sured in yeast extracts. Values represent three scparate
experiments with standard errors of mean indicated.

FIG. 6 refers to the dose-dependent nature of the retinoid
responsive transcription umit in yeast. Yeast strains
(YEpRXRo/YRpA) are grown in medium containing 0.01,
0.1 or 1.0x10~°M of either all-trans-RA or 9-cis-RA. Con-
trol group (Con) contains no hormone. Induction of
B-galactosidase enzyme (Miller Units/mg) is measured in
yeast extracts. Values represent three separate experiments
with standard errors of mean indicated.

FIG. 7 shows a plate assay as a screen to detect RXRO
agonists. Yeast cells containing the RXRa expression plas-
mid and the reporter construct are inoculated in Yeast media
containing the chromogenic substrate, X-GAL® (a regis-
tered trademark of 5-bromo-4-chloro-3-indolyl-B-D-
galactopyranoside, commercially available from Gibco
BRL. Bethesda, Md.). Discs containing different hormones
(all-trans-retinoic acid (ALL TRANS RA), 9-cis-retinoic
acid (9-CIS RA), testosterone (T), 17- estradiol (E).
progesterone (P,), thyroid hormone (T;), cortisone (Cort)
and 20-hydroxyecdysone (200HE)) are placed on top of the
agar plate. Induction of the reporter enzyme as reflected by
the formation of the blue halo is observed for 9-cis retinoic
acid and all-trans-retinoic acids only.

FIG. 8 illustrates that different structural determinants in
site AS' confer responsiveness to RXRo and HNF4. A
collection of reporters similar to the known [A}-41ALCAT
but containing different novel mutated versions of site AS'
(M2 through MS; open arrows: TGAAC, solid arrows:
TGACC) are tested for their responsiveness to RXRol in the
presence or absence of RA and to HNF4 by transient
transfection assays into CV-1 cells. Each of the reporter
constructs is cotransfected with 2 pg of the vectors express-
ing the indicated receptors in the presence or absence of the
corresponding ligands at a concentration of 107°M for RA
and 10~’M for all other ligands into CV-1 cells. The CAT
activity in extracts from these cells is normalized for DNA
uptake by the cells by conventional methods, and expressed
relative to the normalized CAT activity of the construct
—41ALCAT in the absence of cotransfected receptor expres-
sion vectors or any ligands (Relative CAT Activity). The
data represent the average of at least two independent
experiments.

FIG. 9 demonstrates that the sequence CCT in the spacer
region between the two TGACC direct repeats in site AY’
determines its selective responsiveness to RXRo and RA. A
reporter construct similar to [A5']-41ALCAT but containing
two copies of a mutated version of site AS' in which the
sequence CCT in the spacer between the two repeats in the

site AS' has been changed to TTT (M3) is tested for its
responsiveness to different amounts (indicated) of the

RXRo or RAR expression vectors in the presence of RA
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4

and the indicated amounts of the ARP-1 expression vector
by transient transfection assays into CV-1 cells as described
in FIG. 8. The data represent the average of at least two
independent experiments.

SUMMARY OF THE INVENTION

The present invention relates to a novel screening method
for the retinoid X receptor (“RXR”) agonists or antagonists.
The purpose of this method is to study and/or identify
compounds which act as agonists and/or antagonists of
retinoids. Further, the present invention also relates to the
identification of RXRa selective target sites that are similar,
but not identical, to a site, i.e., site A, which is involved in
transcriptional activation of the apolipoprotein Al gene
(“apoAlI”).

Specifically, a yeast-based expression system is used in
the present invention thereby enhancing the ease and rapid-
ity in which screening is accomplished. The expression of a
fusion protein of the retinoid X receptor and a yeast ubiq-
uitin fusion system is under the control of a constitutive
yeast promoter, triosephosphate dehydrogenase (TDH;).
The receptors expressed in yeast cells exhibit hormone
responsiveness with affinity and specificity characteristics of
the authentic RXRo.. Hormone-dependent transcriptional
activation of the expressed receptor is determined by trans-

forming yeast cells with a reporter plasmid that contains two
copies of the apoAl site A element upstream of the yeast

proximal CYC1 promoter fused to the lacZ gene of E. coli.

It is an object of the present invention, therefore, to
provide a simple, economically attractive method to screen
for retinoid agonists and/or antagonists. It is another object
of the present invention to identify the critical transcriptional
activity centers of the apolipoprotein Al gene. By utilizing
the method of the present invention, derivatives of RXRa,
such as heterodimers between RXRa and ARP-1, may be
developed to produce new therapeutic compounds. Further
purposes and objects of the present invention will appear as
the specification proceeds. These and further objects of the
invention are disclosed in the detailed description of the
invention provided hereinbelow.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with the present invention, the functional
expression of the retinoid X receptor in yeast
(Saccharomyces cerevisiae), mapping of site A of the apo-
lipoprotein AI gene and a series of mutants of site A in yeast
cells are provided to obtain a novel screen for identifying
agonists and/or antagonists of RXRo. The goal of the screen
is to express RXRol in yeast cells containing the retinoid X

responsive reporter plasmid.

The expression system described herein permits the
development of a rapid method for screening for the agonists
and/or the antagonists of the retinoid X receptor. Briefly, the
yeast expression plasmid, YEpRXRa (FIG. 1A) is con-
structed to express RXRo. as a ubiquitin fusion protein under
the control of a constitutive yeast promoter, triosephosphate
dehydrogenase (TDH,). To study the transcriptional activa-
tion of the RXRu, yeast cells are cotransformed with the
receptor expression plasmid (YEpRXRa) and the reporter
plasmid (YRpA), which contain two copies of the apoAl
gene site A upstream of the CYC1 promoter fused to the lacZ
gene of E. coli (FIG. 1B). Hormone responsiveness is
examined in these yeast transformants (YEpRXRo/YRpA)
by measuring the induction of the reporter enzyme,
B-galactosidase. As shown in FIG. 5. the transcriptional
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activation of RXRo in yeast cells is ligand-specific. The
reporter enzyme can be induced by 9-cis retinoic acid
(12--14 fold) and all-trans-retinoic acids (3—4 fold) whereas
other hormones examined are not effective to activate the
reporter gene. Thus, 9-cis retinoic acid (“9-c1s-RA”) is a
potent inducer of RXRo mediated transactivation when
compared to the all-trans-retinoic acids (“all-trans-RA™)
(FIG. 6). Consequently, functional expression of the RXR
receptor in yeast cells allows for the development of a high
throughput screen (FIG. 7) to identify novel ligands, which
can be exploited as potential therapeutic agents for athero-

sclerosis.

The present invention shows that RXRo expressed in
yeast, which is devoid of endogenous RARs, binds efii-
ciently to site A as a heterodimer with ARP-1 or RARx
produced in mammalian cells in the absence of 9-cis-RA and
as a homodimer in the presence of 9-cis-RA. It is also shown
that these heterodimers bind to site A with an affinity
significantly greater than the affinity of ARP-1 homodimer
binding to the same site. Transcriptional activation assays in
yeast show that in the presence of 9-cis-RA, but not in the
presence of various steroids, thyroid hormone or all-trans-
RA, RXR@ transactivates efficiently a yeast basal promoter
linked to site A. These findings indicate that RXRo
homodimers bound to the apoAl gene site A respond selec-
tively to 9-cis-RA in yeast, and function as transactivators
recognized by the yeast basal transcription machinery.
Furthermore, the present invention surprisingly shows that
the mammalian RXRo and 9-cis-RA signaling system can
be reconstituted in yeast.

An objective of this invention is to determine whether
RXRo alone transactivates basal promoters from the apoAl
gene site A in response to 9-cis-RA. Although in previous
studies, it has been observed that site A responds preferen-
tially to RXRa over the retinoic acid receptors RARQ and
RXRp. the finding that RXRo forms heterodimers with
RARo, RARPB, RXRyY and the orphan receptor ARP-1 that
bind very efficiently to site A together with the observation
that mammalian cells contain endogenous RARs and ARP-1
preclude unequivocal identification of the RXRoa form
(homo- or heterodimer) that activates site A 1n response to
9-cis-RA. Yeast does not seem to contain such endogenous
receptors. If RXRo alone activates transcription from the
apoAl gene site A, then it may be able to transactivate a
yeast basal promoter linked to site A. Farther experiments
determine the choice of the yeast CYCI1 basal promoter for
the invention.

As a first step towards reconstitution of the RXRo and
9-cis-RA signaling system in yeast, it is determined whether
RXRo can be produced in yeast using the yeast high copy
number expression vector YEpRXRo (see FIG. 1A) 1n
which the RXRoa ¢DNA is placed under the control of the
yeast constitutive promoter of the triosephosphate dehydro-
genase gene (TDH3). Yeast transformants containing this
vector are viable and crude extracts from these cells contain
an activity that participates in formation of heterodimers
with either ARP-1 or RARO which bind very efficiently to
site A. In addition, while this activity alone is not capable of
binding to site A, its binding seems to be enhanced by
9-cis-RA. However, binding in the presence of 9-cis-RA is
relatively inefficient compared to binding of heterodimers
with ARP-1 or RARxQ. The DNA binding properties of this
activity are consistent with the properties of RXRo pro-
duced in mammalian cells indicating that RXR is produced
and it is stable in yeast. The observation that yeast produced
RXRo in the presence of 9-cis-RA binds inefficiently to site
A together with the finding that RXRa in RXRO/ARP-1
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heterodimers does not participate in RXRo homodimer
formation in the presence of 9-cis-RA suggest that RXRao
produced in yeast binds to site A in two mutually exclusive
modes. One, in the presence of 9-cis-RA, RXRa binds as a
homodimer which is resistant to conversion to heterodimers
in the presence of ARP-1 or RAR(, and another. in the
absence of 9-cis-RA but in the presence of ARP-1 or RARa.
RXRuo binds as a heterodimer which is resistant to conver-
sion to homodimers in the presence of 9-cis-RA.

Transcription activation assays show that in the presence
of 9-cis-RA, RXRo transactivates the yeast CYC1 basal
promoter from the apoAl gene site A in yeast cells. This is
a highly specific response because it does not occur in the

absence of 9-cis-RA or in the presence of many different
steroid/thyroid hormone ligands. The relatively low level of
transactivation with high concentrations of all-trans-RA may
reflect the presence of isomerases in yeast that convert RA
to 9-cis-RA or, more likely, photochemical isomerization of
RA to 9-cis-RA.

To identify nontoxic ligands of RXRa, the present inven-
tion includes a novel screen for detecting compounds having
retinoid X receptor agonist or antagonist activity by the
following steps: (1) Providing a yeast strain which expresses
the retinoic acid receptor and activates the reporter plasmid
containing apoAl gene site A or a mutated variant thereof;
(2) incubating the compound in suitable media and a col-
orless chromogenic substrate; and (3) examining the media
for development of color. FIG. 7 illustrates the screen as a
plate assay which detects RXRx agonists. Yeast cells con-
taining the RXRo expression plasmid and the reporter
construct are inoculated in yeast media containing the chro-
mogenic substrate, X-GAL® (a registered trademark of
5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside, com-
mercially available from Gibco BRL, Bethesda, Md.). Other
well-known chromogenic substrates may substitute for
X-GAL®. Then, discs containing different test compounds
may be placed on top of the agar plate. Induction of the
reporter enzyme by the ligands of RXRa is reflected by the
formation of a color.

Site A is a specialized RA responsive element that
responds preferentially to RXRo over RAR( or RARP. The
current invention showing that site A can be transactivated
efficiently by RXRo alone in the presence of 9-cis-RA
confirm that site A is a target for transactivation by RXR«
alone. Although this does not exclude the possibility that site
A can also be transactivated by RXRo/RARa or RXRo/
RARP heterodimers, it shows clearly that RXRo can func-
tion as a transactivator on its own. The importance of site A
in this transactivation is exemplified by the recent observa-
tion that similar experiments using an RA responsive ele-
ment from the RARPB gene (BRARE) show that neither
RXRoa nor RAR( alone can activate transcription from this
element in yeast and that the presence of both RXRo and
RAR0« is required for transactivation. It is therefore clear
that different RA receptor heterodimeric combinations can
function as transactivators only in conjunction with specific
RA responsive elements.

The present invention demonstrates that RXRa can be
produced and is stable in yeast, and that it is biologically
active in transactivation of the yeast basal transcription
machinery from the apoAl gene site A. This system allows
for the genetic dissection of this retinoid signaling pathway
in yeast and the identification of other retinoids and retinoid
mimics capable of transactivating genes via this pathway.
Such agents may be useful for raising apoAl and HDL
plasma levels and for prevention or regression of athero-

sclerosis.
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While the examples illustrate yeast and bacteria, it is
contemplated that the invention may utilize any prokaryotic
or eukaryotic host cell stably transformed or transfected by
the expression vector containing a cDNA sequence which
encodes a retinoid X receptor or the reporter plasmid con-
taining apolipoprotein AI gene site A or a mutated variant
thereof. Other host cells which may be adequate in the
practice of this invention are well-known to those persons
having ordinary skill in the art. Additionally, the invention
encompasses the “biologically active equivalents” of the
yeast and bacterial strains disclosed herein. These equiva-
lents would include the natural mutations of the strains (e.g.,
spontaneous mutations) as well as the artificial mutations
(.e.g.. mutations induced by conventional techniques within
the ordinary skill of the art) whereby the mutants retain the
ability to carry the expression vector and the reporter
plasmid of the invention.

In the present invention, it is further found that multiple
mechanisms integrate signals influencing apolipoprotein Al
gene transcription in mammalian cells. The ability of site A
to respond to various members of the steroid/thyroid recep-
tor superfamily is evaluated by transient transfection assays
in CV-1 cells. It is contemplated that expression vectors may
similarly be constructed in yeast.

The results show that in addition to RXRa and retinoic
acid, site A also responds efficiently to the orphan receptor
HNF4, but it responds only weakly or not at all to the RARQ,
RARP. thyroid hormone receptor, estrogen receptor and
andogen receptor in the presence or absence of their corre-
sponding ligands or to the orphan receptors ARP-1 and
EAR3-COUP-TE. However, despite their ineffectiveness in
stimulating expression from site A, some, but not all of these
receptors alter the magnitude of transactivation of site A by
RXRa and RA or by HNF4.

Mutational mapping analysis of site A reveals that only a
short subregion of site A (site AS') sequence composed of
two TGACC imperfect direct repeats scparated by the tri-
nucleotide spacer CCT is sufficient for transactivation by
either RXRo and RA or HNF4. Transactivation by RXRo
and RA is highly sensitive to nucleotide substitutions in
these repeats, the number of nucleotides in the spacer and
the sequence in the spacer. Similar experiments have been
performed to show that transactivation by HNF4, another
member of the nuclear hormone receptor superfamily, is
relatively insensitive to all these nucleotide changes.

Remarkably, replacement of the spacer CCT in site A by
TTT switches selective transactivation from RXRa and RA
to RARo. and RA. These unexpected findings suggest that
during its evolution, site A has established and preserved
critical structural requirements for selective recognition and
transactivation by RXRot and RA while accommodating
structural adaptations required for binding and transactiva-
tion by HNF4. Thus, mutated variants of site A may be used
in the yeast system hereindescribed as a screen for identi-
fying agonists and antagonists selectively for RXRo/ARP-1
heterodimers and HNF4.

The restriction enzymes, T4 polynucleotide kinase and T4
DNA ligase used in the following examples are purchased
from New England Biolabs. Calf intestinal alkaline phos-
phatase is purchased from United States Biochemical Cor-
poration. Taq polymerase is bought from Perkin-Elmer
Cetus. Radioinert steroids, cyproterone acetate adenine
sulfate, o-nitrophenyl B-D-galactopyranoside and uracil are
acquired from Sigma. Casamino acids, yeast nitrogen base
and dextrose are purchased from Difco. Glassperlen is
bought from B. Braun Melsungen AG. The alkaline phos-

10

15

20

25

30

35

45

50

33

65

8

phatase conjugate immunoblot assay kit is purchased from
BioRad. All-trans-retinoic acid is purchased from Sigma and
dissolved in DMSO at stock concentration of 107°M.

For ecase in reviewing the examples, the following is
provided: The homogenization buffer employed in the tlus-
trations of the invention contains 10mM Tris, 0.1 mM
EDTA. 2 mM dithiothreitol and 10% glycerol, pH 8.1 at
room temperature (TEDG buffer). The transcription buffer
for B-galactosidase assay contains (0.12M sodium phosphate
(dibasic), 0.04M sodium phosphate (monobasic), 10 mM
potassium chloride, 1 mM magnesium sulfate and 0.27%
2-mercaptoethanol, pH 7.0 at room temperature.

Finally, the Saccharomyces cerevisiae strain used in the
present invention is BJ3505 (Matot pep4::his3 PR61-A1.6R
his31ys2-208trp1-A101 ura3-52 gal2) obtained from that
source. Expression of the retinoid X receptor is under the
control of a constitutive yeast promoter, triosephosphate
dehydrogenase (TDH3). Growth and transformation of yeast
cells is performed according to standard procedures.

Briefly, yeast cells are grown in 10 mL of YEPD medium
overnight at 30° C. until cell density reaches an O.D. of 1.0.
Cells are then collected by centrifugation and washed with
10 mL of 0.1M lithium acetate. Cells are then resuspended
in 10 mL 0.1M lithium acetate and incubated at 30° C. for
1 hour. Cells are collected and resuspended in 0.5 mL 0.1M
lithium acetate. Aliquots of cells (50 mL.) are incubated with
1-2 mg DNA and incubated for 10 minutes at 30° C.
followed by 1 hour incubation in the presence of 0.5 mL
40% polyethyleneglycol (4000). The cell mixture is heated
for 5 minutes at 42° C. Cells are then collected and plated
onto appropriate yeast media. Transformants are selected by
tryptophan auxotrophy.

The plasmids, DNA sequences and microorganisms
deposited in connection with the present patent application,
except where specified to the contrary, are deposited in
American Cyanamid Company’s culture collection main-
tained in Princeton, N.J. and are deposited pursuant to the
Budapest Treaty with the American Type Culture Collection
(ATCC) in Rockville, Md. 20952, U.S.A.

The E. coli bacterial strains (DHS5a) which were depos-
ited in the ATCC on Dec. 3, 1992 include the strains carrying
the expression vector and reporter plasmid YEpRXRo
(ATCC 69145) and YRpA (ATCC 69144), respectively. The
Saccharomyces cerevisiae yeast strains which were depos-
ited in the ATCC on Dec. 3, 1992 include the strains carrying
the reporter plasmid, the expression vector/reporter plasmid
and the expression vector BJ YRpA (ATCC 74195), BJ
YEpRXRo/YRpA (ATCC 74196) and BJ YEpRXRoa
(ATCC 74197), respectively. The E. coli bacterial strains
(HB101) which were deposited in the ATCC on Dec. 22,
1992 include the strains carrying the reporter plasmids
[M3]-41AL.CAT (ATCC 69168), [M6]-41ALCAT (ATCC
69169), [M4]-41A1L.CAT (ATCC 69170) and [AS']-
41ALCAT (ATCC 69171).

A further understanding of the present invention can be

obtained from the following examples. However, the
examples are set forth only for the illustration of certain

aspects of the invention and are not to be construed as
limitations thereon. Unless otherwise expressed, all parts are

by weight.
EXAMPLE 1

Construction of Yeast Expression Vector for
Retinoid X Receptor (RXR0)

Two unique restriction sites are engineered at the 5' and 3'
ends of the RXRo coding sequence for insertion into the
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yeast expression vector (YEpVS). This is achieved by PCR-
mediated mutagenesis. The first two primers used to amplify
the N-terminal portion of the gene (658 bp) are:

5" TACGGC CGATGGACACACCAAACATTTCCTG-3' (SEQ ID NO:1)

S5-TAGTCGACTCCACCTCATTCTCGTTCCG-3' (SEQ ID NO:2)

The resulting 658 base pairs fragment contains an Eagl site
in front of the start codon and an Accl site at the C-terminus.
The second set of primers used to amplify the other half of
the RXRo gene (729 bp) are:

5-ATGTCGACC AGCAGCGCCAACGAGGAC-3’
(SEQ ID NO:3)
S"TACACAC AGTGCTAACTCATTTGGTGCGGCGCCTC-3
(SEQ ID NO:4)

The resulting 729 base pairs PCR fragment contains an
Accl site at the 5' end and a Dralll site right after the stop
codon. In order to produce an in frame ubiquitin-fusion
receptor protein under the control of a constitutive yeast
promoter (TDH,), an oligonucleotide containing an Eagl
and a Dralll site is inserted into the AAII-Kpnl sites of the
yeast expression vector (YEpVS5). After complete digestion
with Eagl and Dralll, the expression vector is ligated to the
658 base pairs and the 729 base pairs PCR fragments of the
RXRo receptor. The resulting receptor expression vector
(YEpRXR) (FIG. 1A) is used to transform Trp-1 deleted
yeast strain, BJ3515, using conventional lithium acetate
protocol. Transformants are selected by tryptophan auxotro-

phy.
EXAMPLE 2

Construction of Reporter Plasmid

Two copies of an oligonucleotide containing the apoAl
gene site A which has been shown to function as retinoic

acid response element in mammalian cells is cloned into the
unique Xhol site of the yeast reporter plasmid YRpPC2. The
resulting reporter plasmid (YRpA) (FIG. 1B) contains the
two copies of site A at nucleotide position —-250 upstream of
the iso-1-cytochrome C (CYC1) promoter which is fused to
the B-galactosidase gene of E. coli. This reporter is used to
transform yeast cells expressing the RXRo receptor

(YEpRXRa). The double transformant yeast cells

(YEpRXRo/YRpA) are selected by tryptophan and uracil
auxotrophy.

EXAMPLE 3

Preparation of Yeast Extracts (YEpRXRo)

Yeast cells containing the RXRo receptor expression
construct (YEpRXRo) are grown overnight at 30° C. in
minimal medium (2% dextrose, 0.1% casamino acids,
0.67% yeast nitrogen base, 0,001% adenine and 0.002%
uracil). When cell density reaches late-log phase, cells are
harvested and washed with receptor buffer (TEDG). This
and all subsequent steps are done at 4° C. The final cell
pellets are suspended in TEDG buffer and mixed with an
equal volume of glass beads. Cells are disrupted by vortex-
ing. The homogenate is centrifuged at 100.000xg for 30
minutes to obtain yeast extracts which are used for gel
retardation assays. Protein concentration is determined by
Bio-Rad protein assay according to the manufacturer’s pub-

lished protocol using bovine serum albumin as standard.
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EXAMPLE 4

Electrophoretic Mobility Shift Assays (EMSA)

EMSA are performed using a °?P-labeled double stranded
oligonucleotide with a sequence corresponding to the apoAl
gene site A (oligo A probe). 40 pg of yeast extract is used in
all binding reactions except in the 9-cis-RA experiment 1n
which 60 pg extract is used. When 9-cis-RA is used (5x10~
sM), it is preincubated with yeast extracts at room tempera-
ture for 20 minutes before addition of the probe. All recep-
tors are produced by transfecting CMT cells which are
similar to Cos-1 cells with various expression plasmids
including pMT2-ARP,1, pMT2-ARPAAL, pMT2-ARPAAS,
pMT2-ARPAA7 and pMT2-RAR0. Mixtures of yeast and
CMT cell extracts contain 2 pug of CMT cell extracts.
Protein-DNA complexes are analyzed by 6% non-
denaturing polyacrylamide gel by conventional procedures.

EXAMPLE 5
Preparation of 9-cis-Retinoic Acid

In 20 mL of 50% ethanol/water, 100 mg of 9-cis-retinal is
dissolved in a capped vial wrapped with aluminum foil.
After 200 mg of NaOH and 450 mg of AgNQO, is added, the
vial is shaken vigorously at room temperature for at least 24
hours until disappearance of the starting retinal. Reaction is
followed by HPLC (Vedec C18 column; Me(CN/0.1% TFA
gradient; 75-85%; 10 minutes, 1 ml/minute, 350 nm, reten-
tion time: 10.4 minutes for 9-cis-retinoic acid, and 11.6
minutes for all-trans). Greater than 90% of the products are
O-cis-retinoic acid.

For purification, the reaction mixture is acidified by
adding acetic acid and 5 mL of water and then filtered with
0.45p Whatman disk. The filtrate is pumped through a 900
mg C18 cartridge. 9-cis-retinoic acid is retained on the
column. The column is then desalted with a water wash (40
ml). The retinoic acid is washed out with MeOH/MeCN
(2:1). The product is concentrated under reduced pressure to
dryness. Yield is about 25 mg of title product (25% yield).

EXAMPLE ©

Transcription Assays

Yeast strains containing the RXRo receptor expression
construct and the reporter plasmid (YEpRXRo/YRpA) are
grown in minimal medium (without tryptophan and uracil)
in the absence or presence of all-trans-RA, 9-cis-RA or other
steroid hormones. When cells reach late-log phase, yeast
extracts are prepared and assayed for B-galactosidase activ-

1ty.
EXAMPLE 7

Efficient Binding of Yeast Cell Produced RXRx to
the apoAl Gene Site A as a Heterodimer with
Mammalian Cell Produced ARP-1 or RAR(

In previous studies it has been observed that while Cos-1
cell produced RXRa binds with low affinity to the apoAl
gene site A, mixing of Cos-1 cell produced RXRa with
Cos-1 cell produced ARP-1, RARx or RXR[ results in
formation of RXRo/ARP-1, RXRo/RAR0O or RXRo/RARP
heterodimers which bind with very high affinity to the same
site. To determine whether yeast produced RXRa can also
form heterodimers with ARP-1 or RARo that bind effi-
ciently to site A, crude extracts prepared either from yeast
cells containing the RXRo yeast expression vector
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YEpRXRo (YRXRo extracts) or from untransf ormed yeast
control cells (yCONT extracts) are mixed with whole cell
extracts from CMT cells transiently transfected with mam-
malian cell expression vectors expressing ARP-1, various
ARP-1 deletion mutants (see below) or RARa. The ARP-1
deletion mutants are ARPAA1, ARPAAG6 and ARPAAY all of
which contain the ARP-1 DNA binding domain. ARPAA1
lacks the ARP-1 amino-terminal domain, ARPAAG lacks the
ARP-1 carboxy-terminal domain, and ARPAA7 lacks both
the amino- and carboxy-terminal domains. These extract
mixtures are then tested for binding to site Aby EMSA using
as a probe a ?P-labeled double stranded oligonucleotide
with a sequence corresponding to the apoAl gene site A
(oligo A probe). The results in FIG. 2 show that either
yRXRo or yCONT extracts mixed with extracts from
untransfected CMT cells form faint retardation compiexes
with similar electrophoretic mobilities which are most likely
due to endogenous yeast factors (lanes 1 and 7). YRXRo or
yCONT extracts mixed with extracts from CMT cells trans-
fected with the ARP-1 expression vector form intense slow
migrating retardation complexes with similar electro-
phoretic mobilities (lanes 2 and 8). yRXRa extracts mixed
with extracts from CMT cells transfected with the ARPAAL
expression vector, on the other hand, form two relatively
faster migrating complexes while yCONT extracts mixed
with the same CMT cell extracts form only one complex
with an electrophoretic mobility similar to the faster migrat-
ing complex formed with yRXRo and these CMT cell
extracts (compare lanes 3 and 9). yRXRo or yCONT
extracts mixed with extracts from CMT cells transfected
with the ARPAAG expression vector form even faster
migrating retardation complexes with similar electro-
phoretic mobilities (lanes 4 and 10) and yRXRa or yCONT
extracts mixed with extracts from CMT cells transfected
with the ARPAA7 expression vector form very fast migrat-
ing complexes with similar electrophoretic mobilities (lanes
5 and 11). Finally, yRXRo extracts mixed with extracts from
CMT cells transfected with the RARO. expression vector
form an intense, relatively diffuse slow migrating retardation
complex, while yCONT extracts mixed with the same CMT
cell extracts do not form this retardation complex (compare
lanes 6 and 12).

These results indicate that similar to RXRa produced in
mammalian cells, RXRa produced in yeast celis does not
bind to the apoAl gene site A but forms heterodimers with
mammalian cell produced ARP-1 or RARx that bind very
efficiently to the same site. Furthermore, these results indi-
cate that the ARP-1 carboxy-terminal domain plays a deter-
minant role in formation of these RXRo/ARP-1
heterodimers, but not the ARP-1 amino-terminal domain nor
the ARP-1 DNA binding domain.

EXAMPLE 8

Binding of Heterodimers Between Yeast Cell
Produced RXRo and Mammalian Cell Produced
ARP-1 or RARx to the apoAl Gens Site A with

High Affinity and Sequence Specificity

It has been previously observed that RXRo/ARP-1 het-
erodimers formed with RXRo and ARP-1 produced in Cos-1
cells bind to the apoAl gene site A with an affinity approxi-
mately ten times greater than the affinity of binding of cither
ARP-1 or RXRo, alone to the same site. The affinity of
RXRo/ARP-1 and RXRo/RAR0 heterodimers formed with
yeast produced RXRa and CMT cell produced ARP-1 or
RARq for site A, relative to the affinity of the CMT cell
produced ARP-1 for the same site, is evaluated by compe-
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tition EMSA. Specifically, yRXRo extracts are mixed with
either CMT cell produced ARPAA1 or CMT cell produced
RARq and the mixtures are used for EMSA with the oligo
A probe in the presence of increasing amounts of unlabeled
oligo A. The results in FIG. 3 show that while ARPAAI
binding is effectively eliminated with 25-fold molar excess
of unlabeled oligo A over the oligo A probe (lane 3).
elimination of either the RXRo/ARPAA1 or the RXRo/
RARG0 heterodimers requires at least 50-fold molar excess of
unlabeled oligo A over the oligo A probe (lanes 4, 5, 12 and
13). Similar competition EMSA experiments using as com-
petitors a mutated version of site A (oligo Amut), or an
oligonucleotide with a sequence corresponding to a different
region of the apoAl gene promoter (oligo B) show that these
competitors do not affect binding of either ARPAA1. RXRo/
ARPAA1 or RXRaW/RAR heterodimer binding to site A
(lanes 7, 8, 15 and 16).

These results indicate that similar to heterodimers
between RXRo and ARP-1 or RARO produced in mamma-
lian cells, heterodimers between yeast cell produced RXRO
and mammalian cell produced ARP-1 or RARX bind to the
apoAl gene site A with high sequence specificity and an
affinity significantly greater than the affinity of binding of
ARP-1 produced in mammalian cells for the same site.

EXAMPLE 9

Binding of Yeast Produced RXRo. to the apoAl
Gene Site A in the Presence of 9-cis-RA

It has been recently reported that RXRo prepared by
translation of RXRo mRNA in reticulocyte lysates in vitro
does not bind to the apoAl gene site A unless these lysates
are supplemented with either cell extracts or 9-cis-RA and to
the lesser extent with all-trans-RA. To determine whether
yeast produced RXRo binds to site A in the presence of
9-cis-RA, yRXRa and the control yCONT extracts are
tested for binding to the oligo A probe in the presence or
absence of 5x107°M 9-cis-RA by EMSA. The results in FIG.
4 show that compared with the electrophoretic migration of
the probe in the absence of any extracts (lane 1) the probe
incubated with the yRXR0 extracts migrates as a smear of
multiple retardation complexes in the absence of 9-cis-RA
(lane 2). In the presence of 9-cis-RA, however, the probe
migrates as a distinct retardation complex (lane 3) easily
distinguishable from the retardation complex, due to the
endogenous yeast factors which is also observed with
yCONT extracts in the absence (lane 4) or in the presence
(lane 5) of 9-cis-RA. The retardation complex observed with
yRXRo, extracts in the presence of 9-cis-RA is specific for
the oligo A probe because it is efficiently competed by a
50-fold molar excess of unlabeled oligo A but not by a
100-fold molar excess of a mutated version of oligo A (oligo
Amut) which neither binds RXRa nor is it transactivated by
RXRa and RA in mammalian cells. However, formation of
this complex seems to be relatively inefficient compared to
the formation of yRXRo/ARP-1 and yRXRo/RARO com-
plexes (compare FIG. 4, lane 3 with FIG. 2, lanes 3 and 6).

These results indicate that similar to RXRa produced by
in vitro translation of RXRa mRNA, yeast produced RXRo
binds to the apoAl site A as a homodimer in the presence of
9-cis-RA. This, together with the observation that RXRa
also binds to site A as a heterodimer with ARP-1 or RARQ
in the absence of 9-cis-RA raise the possibility that in vitro
the ratio of the intracellular concentrations of retinoids,
ARP-1 and RARo may play a fundamental role in deter-
mining whether site A is occupied by RXRo homodimers or
heterodimers.
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EXAMPLE 10

Attempt to Form RXRoa Homodimers BVRXR in
RXRot/ARP-1 Heterodimers in

Response to 9-cis-RA

To determine whether RXRo in RXRo/ARP-1 het-
erodimers can in the presence of 9-cis-RA participate in the
formation of RXRo homodimers, ARPAA1 containing
CMT cell extracts is mixed with either yRXRo or yCONT
extracts and their binding to oligo A probe in the absence or
the presence of 9-cis-RA is tested by EMSA. The results in
FIG. 4 show that in the absence of 9-cis-RA, the CMT
ARPAA1 and yRXRq yeast cell extract mixture forms three
retardation complexes; one due to the endogenous yeast
factors (see, for example, lanes 4 and 5), another due to
ARPAAL (see, for example, lane 10), and a third retardation
complex between them due to RXR0/ARPAAI1 het-
erodimers (lane 6). In the presence of 9-cis-RA, although
this pattern of retardation complexes remains unchanged, a
new retardation complex migrating between that due to the
yeast endogenous proteins and that due to RXR0/ARPAAI1
heterodimers also appears (compare lanes 3 and 7). This new
retardation complex migrates at the same position as that
observed with yRXRot extracts in the presence of 9-cis-RA
(compare lanes 3 and 7) and thus most likely represents
RXRo homodimers. None of the retardation complexes
between those due to the endogenous yeast proteins and
those due to ARPAAI are observed when the same experi-
ment is repeated using yCONT extracts instead of RXRo
extracts in the absence (lane 8) or the presence (lane 9) of
9-cis-RA.

These results indicate that although RXRx binds to the
apoAl gene site A either as a homodimer in the presence of
9-cis-RA, or as a heterodimer with ARP-1 in the absence of
9-cis-RA, RXRo in these heterodimers 1s unresponsive to
O-cis-RA in formation of RXRa homodimers. In other
words, RXRa in RXRo/ARP-1 heterodimers does not form
RXRo homodimers in response to 9-cis-RA. Furthermore,
since in the presence of excess ARPAAL not all yeast RXRox
is converted into RXRo/ARPAALI heterodimers, but a por-
tion of it remains responsive to 9-cis-RA for formation of
homodimers, yeast produced RXRq appears to be distrib-
uted into two distinct and separate pools: One capable of
homodimerization in the presence of 9-cis-RA but incapable
of heterodimerization with ARP-1, and another capable of
heterodimerization with ARP-1 but incapable of forming
homodimers in response to 9-cis-RA.

EXAMPLE 11

Transactivation by RXRa of a Yeast Basal

Promoter Linked to the apoAl Gene Site A in
Response to Retinoids

To determine whether the RXRo produced in yeast can be
recognized by the yeast basal transcription machinery and
activate transcription from yeast basal promoters, a reporter
plasmid containing two copies of the apoAl gene site A
upstream of the yeast proximal iso-1-cytochrome C (CYC1)
promoter fused to the E. coli lacZ gene is constructed. The
resulting reporter construct (YRpA) is used to transform
yeast cells containing the RXRol expression vector
YEpRXRo and the resulting transformed yeast cells
(YEpRXRO/YRPpA) are tested for their ability to express the
lacZ gene product, B-galactosidase (3-gal). in the absence of
any ligands (Con) and in the presence of 10~°M of all-trans-
RA (RA), 9-cis-RA (9-Cis), testosterone (T), estradiol (E,),
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progesterone (P,). ecdysone (Ecdy) and thyroid hormone
(T,). The results in FIG. § show that cells treated with
O-cis-Ra or all-trans-RA express 14- and 4-fold greater
amounts of $-gal activity compared to control (Con) cells. In
contrast, cells treated with all other ligands express [3-gal
activity at amounts comparable to that expressed by control
cells.

These results, together with the results of the previous
examples, strongly suggest that RXRa in yeast cells binds to
the apoAl gene site A and stimulates transcription from
nearby yeast basal promoters specifically in response to
treatment of the cells with retinoids.

EXAMPLE 12

Selective Transactivation by 9-cis-RA

The specificity for retinoids in transactivation of yeast
basal promoters from site A by RXRo is illustrated in
Example 11. The transactivation by either all-trans-RA or
9-cis-RA is totally unexpected because it has been recently
reported that the ligand for RXRo is 9-¢is-RA. In mamma-
lian cells, all-trans-RA can be isomerized to 9-cis-RA but
there is no evidence in support of a similar mechanism in
yeast. To compare the effectiveness of all-trans-RA and
O-cis-RA in stimulating RXRo. mediated transactivation in
yeast cells, the B-gal activity produced by YEpRXRO/YRpA
yeast cells in response to increasing concentrations of each
of these retinoids is determined. The results in FIG. 6 show
clearly that 9-cis-RA is at least 10 times more potent than
all-trans-RA in stimulating -gal activity from these cells at
the same concentration of hormone (0.1x107°M).

These results indicate that similar to mammalian cells,
yeast RXRo responds sclectively to 9-cis-RA and raise the

possibility that yeast contain enzymes for isomerization of
all-trans-RA to 9-cis-RA.

EXAMPLE 13

Screen for Antagonists or Agonists of RXR
Receptor

As shown in FIG. 7, a plate assay is validated for high

throughput screening. In this assay, yeast cells containing
the RXRo receptor expression plasmid and the reporter

construct are inoculated in yeast media containing the chro-
mogenic substrate, X-GAL® (a registcred trademark of
5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside, com-
mercially available from Gibco BRL, Bethesda, Md.). Discs
containing different hormones (all-trans-retinoic acid. 9-cis-
retinoic acid, testosterone, 17-f estradiol, progesterone, thy-
roid hormone, cortisone and 20-hydroxyecdysone) are
placed on top of the agar plate. Induction of the reporter
enzyme as reflected by the formation of the blue halo is
observed for 9-cis retinoic acid and all-trans-retinoic acids

only.
EXAMPLE 14

Construction of Reporter Plasmid and Expression
Yectors

All reporter constructs are made by cloning different
double stranded oligonucleotides into a BamHI site engi-
neered at nucleotide position —41 upstream of the apoAl
genc transcription start site (+1) in a previously described
construct in which the apoAl gene promoter region from
—41 to +397 is fused to the bacterial chloramphenicol
acetyltransferase (CAT) gene (construct—41ALCAT). Syn-
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thesis of single stranded oligonucleotides, their annealing
into double stranded oligonucleotides, their ligation into the

BamHI site of —41ALCAT, and their verification by DNA
sequencing are as previously described in the literature.
Each of these single stranded oligonucleotides is synthesized
with a §' GATC overhang to facilitate cloning into the
BamHI site in—4 1AL.CAT. The nucleotide sequence (from 5'
to 3" of each of these oligonucleotides and its relative
orientation in the corresponding constructs is as follows:

ACTGAACCCTTGACCCCTG (SEQ ID NO:5) (Reverse) construct AS',
CTIGACCCCTGCCCTGCAG (SEQ ID NO:6) (Reverse) construct A3';
ACTGAACTGATGACCCCTG (SEQ ID NO:7) (Forward) construct M2,
ACTGAACTTTTGACCCCTG (SEQ ID NO:8) (Reverse) construct M3;
ACTGACCCCTTGACCCCTG (SEQ ID N0O:9) (Forward) construct M4,
ACTGACCTGACCCCTG (SEQ ID NO:10) (Forward) construct M3,

ACTGACCTTTIGACCCCTG (SEQ ID NO:11) (Forward) construct M6;
ACTGAACCCTTGAACCCTG (SEQ ID NO:12) (Reverse) construct M7,

ACTGAACTGAACCCTG (SEQ ID NO:13) (Forward) construct M3;
ACTGAACTGTGACCCCTG (SEQ ID NO:14) (Forward) construct M9,

ACTGACCTGTGACCCCTG (SEQ ID NO:15) (Forward) construct M10.

The vectors expressing the retinoic acid receptors RXRA,
RARa, and RARP, pMT2-RXRoa, pMT2-RARc, and
pMT2'-RARfrespectively and the vectors expressing the
hepatocyte nuclearfactor 4 (HNF4), the apolipoprotein Al
regulatory protein-1 (ARP-1), and the chicken ovalbumin
upstream factor (Ear3-COUP-TF), pMT2-HNF4, pMT2-
ARP-1 and pMT2-Ear3-COUP-TF respectively can be con-
structed by well-known techniques described in the litera-
ture.

EXAMPLE 15

Transient Expression Assays

Maintenance of CV-1 cells, transfection of plasmid DNA
into these cells, normalization for plasmid DNA uptake by
the cells and CAT and B-galactosidase (-gal) assays are
performed as previously described in the literature. The
transfection mixtures contained 5 pg of each reporter
plasmid, 5 pg of the B-gal expression vector pRSV-f3-gal, the
amounts of the pMT2-RXRa., pMT2-RAR«, pMT2-RARS,
pMT2-ARP-1 and pMT2-Ear3-COUP-TF expression vec-
tors and the appropriate amounts of the previously described
control vector pMT2-UT to bring the final amount of the
plasmid DNA in the transfection mixtures to a total of 17 pg.
The transfection mixtures containing the expression vectors
pMT2-HNF4 or pSG5-AR, 1 pg of the [-gal expression
vector pPCMV-B-gal instead of the vector pRSV-$-gal is used
and the final amount of plasmid DNA in the transfection
mixture is adjusted to a total of 13 pg as described above.

EXAMPLE 16

Transfection with Expression Vectors

For these experiments, three apoAl promoter/CAT gene
fusion constructs, construct —41ALCAT which contains the
apoAl basal promoter from nucleotide —41 to nucleotide
+397 fused to the CAT gene and constructs [A]-41ALCAT
and [2XA]-41ALCAT which contain one and two copies of
site A, respectively, proximal to the apoAl basal promoter in
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-41ALCAT are cotransfected with various vectors express-
ing different members of the nuclear hormone receptor
superfamily into CV-1 cells in the presence or absence of the
corresponding ligands. The CAT activity in extracts from
these cells is determined, normalized for DNA uptake by the
cells and expressed relative to the normalized CAT activity
of the construct 41 ALCAT (relative CAT activity).

EXAMPLE 17

Conferral of Responsiveness to RXRa and HNF4
by Distinct Sequences Within the apoAl
Gene Site A

The minimal DNA sequence requirements are determined
for responsiveness of site A to RXRa in the presence of RA
and to HNF4. For these experiments, two oligonucleotides
spanning different portions of site A are cloned proximal to
the apoAl basal promoter in the construct —41ALCAT and
the resulting constructs are tested for their responsiveness to
RXRaq in the presence of RA and to HNF4 in CV-1 cells.
More specifically site A, 5'-ACTGAACCCTTGACCCC
TGCCCT-3' (SEQ ID NO: 16) is composed of three impez-
fect TGACC repeats (underlined) and one of these oligo-
nucleotides spans the two 5' repeats, 5'-ACTGAACCCT
TGACCTG-3' (SEQ ID NO: 17) (oligo A5'), while the other
oligonucleotide spans the two 3’ repeats, 5'-CTTGACCCC
TGCCCT- 3' (SEQ ID NO: 18) (oligo A3'). The constructs
containing the oligos A5' and A3’ are named [AS']-
41ALCAT and [A3']-41ALCAT respectively. The construct
[AS']-41ALCAT, but not the construct [A3'|—41ALCAT, is
efficiently transactivated by RXRa in the presence of RA,
and both of these constructs are transactivated by HNF4. A
similar construct containing a mutated version of site A,
5'-ACTGAACCCGGGACCCCTGCCCT-3' (SEQ ID NO:
19) (oligo Amut), in which two T residues in site A have
been substituted by G residues (bolded), does not respond to
either RXRa in the presence of RA or to HNF4.

These results indicate that the central TGACC repeat in
site A is important for its responsiveness to both RXRa in
the presence of RA and HNF4 and that while the portion of
site A containing the two 5' TGACC imperfect repeats is
sufficient for responsiveness to both RXRo in the presence
of RA and HNF4, the portion of site A containing the two 3’
TGACC imperfect repeats is sufficient for responsiveness to
HNF4 but not to RXRo in the presence of RA. These
observations raise the possibility that different portions of
site A play an important role in the sorting and integration of
different signals transmitted by these transcriptional regula-
tors.

EXAMPLE 18

Structural Determinants in Site AS' and Structural
Adaptations of HNF4 Control Transactivation of
Site AS' by RXRa and HNF4 Respectively

Several different members of the nuclear hormone recep-
tor superfamily bind efficiently to site A. Although it is
currently unknown whether all of these transcriptional regu-
lators bind to the same or different portions of site A, the
results in the previous example strongly suggest that RXRo
and HNF4 bind to the same portion of site A, namely the site
AS'. This has also been directly demonstrated by electro-
phoretic mobility shift assays. The flexibility of site AS' in
binding of different members of the nuclear hormone recep-
tor superfamily implies that either site A5’ has evolved by
incorporating the structural determinants required for bind-
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ing of either RXRo or HNF4 or that RXRa and HNF4 can
undergo structural adaptations to accommodate binding to
site A in a manner similar to that described recently for
binding of EAR3-COUP-TF to different sites. To discrimi-
nate between these possibilities several variants of site AS'
containing nucleotide substitutions in one or the other
TGACC repeats and/or substitutions or deletions of the
sequence between these repeats (spacer) are cloned proximal
to the apoAl basal promoter in —41ALCAT. The resulting
constructs are transfected into CV-1 cells alone, in the
presence of RA, and together with the RXRo expression
vector in the presence or absence of RA or together with the
HINF4 expression vector. The CAT activity in extracts from
these cells is determined, normalized and the data are used
to construct the bar plots in FIG. 8. The results in FIG. 8
show that with the exception of the construct containing the
site AS' variant in which the first repeat is TGACC instead
of TGAAC and the spacer is TTT instead of CCT (construct
MG6), none of the other constructs expresses CAT activity at
levels substantially greater than that expressed from the
construct —41AL.CAT. In the presence of RA, only the
construct containing site AS' variant in which the spacer is
TTT instead of CCT (construct M3), the construct contain-
ing the site A5' variant in which the first repeat is TGACC
instead of TGAAC (construct M4) and the construct M6
express CAT activity at levels substantially greater than that
expressed from the construct —4 1AL CAT. The CAT activity
expressed by the constructs M3, M4 and M6 in the presence
of RA is 4.5, 2.5 and 1.9-fold greater, respectively, than that
expressed from the same constructs in the absence of RA,
suggesting that all three of these constructs respond to RA

receptors endogenous in CV-1 cells. In the presence of
cotransfected RXRo but in the absence of RA only the
constructs M3, M4 and M6 express CAT activity at levels
substantially greater than that expressed from the construct
—41ALCAT, although the levels of expression are generally
lower than those expressed from the same constructs in the
presence of RA but in the absence of cotransfected RXRox.
In the presence of cotransfected RXRo and RA, the con-
structs [AS' [-41ALCAT, M3, M4 and M6 express 4.8, 3, 7
and 3.1-fold greater levels of CAT activity, respectively,
compared to that expressed from the same constructs
cotransfected with RXRao in the absence of RA. However,
for constructs M3 and M6, nearly all of this stimulation of
CAT activity can be accounted for by the transactivation
from the CV-1 cell endogenous RA receptors (FIG. 8,
compare the relative CAT activities of constructs M3 and

M6 in the presence of RA with those of the same constructs
in the presence of cotransfected RXRo and RA) and thus it

seems to be independent of the cotransfected RXRo. In
contrast for the constructs [AS'|41ALCAT and M4 this
stimulation of CAT activity is at least 7-fold greater than that
due to transactivation by the CV-1 cell endogenous RA
receptors (FIG. 8 compare the relative CAT activities of
construct [AS']-41ALCAT and M4 in the presence of RA
with those of the same constructs in the presence of cotrans-
fected RXRa and RA) suggesting that it is dependent on the
cotransfected RXRo. Thus it appears that a sequence of two
TGACC direct repeats separated by the trinucleotide spacer
CCT defines an RA responsive element that responds effi-
ciently and selectively to RXRo over other RA receptors
endogenous to CV-1 cells in the presence of RA. The
nucleotide sequence in the spacer of this element appears to
play an important role in both the level of responsiveness to
RXRo and its ability to discriminate between CV-1 cell
endogenous RA receptors and RXRo. For example,
although site A5’ responds preferentially to RXRo over
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these endogenous RA receptors the variant site AS' in which
the spacer is TTT instead of CCT (construct M3) responds
efficiently to these endogenous receptors while the site AS’
variant in which the spacer is TGA instead of CCT
(construct M2) responds very poorly to both RXRa and
these endogenous RA receptors (FIG. 8). In addition to the
nucleotide sequence of the spacer, the spacing between the
two repeats seem to play an important role in the level of
responsiveness to both RXRo and endogenous RA recep-
tors. Thus elimination of the spacer completely abolishes

responsiveness to these receptors irrespective of whether
both repeats are TGACC (construct MS5) or TGAAC
(construct M8). Finally, in addition to the nucleotide
sequence in the spacer, and the spacing between the two
TGACC direct repeats, the nucleotide sequence in these
repeats seems to play a determinant role in the level of
responsiveness to both RXRa and CV-1 cell endogenous RA
receptors. For example, the variant site AS' in which the
second repeat is TGAAC instead of TGACC (construct M7/)
responds poorly to both RXRa and CV-1 cell endogenous
RA receptors. In remarkable contrast to the results described
above, the cotransfection experiments with the HNF4
expression vector show that all of these constructs express
CAT activity at levels substantially higher than the level
expressed from the construct —41AILCAT (FIG. 8).

Taken together, these observations indicate that the apoAl
gene site AS' while preserving most of the structural deter-
minants required for efficient and selective transactivation
by RXRo and RA, accommodates structural adaptations
required for transactivation by HNF4.

EXAMPLE 19

Sequence CCT in the Spacer Region Between the
Two TGACC Direct Repeats of Site AS'
Determines its Efficient Responsiveness to RXRO
and RA

The results in the previous example show that the nucle-
otide sequence CCT in the spacer region between the two
TGACC direct repeats is essential for the ability of
RA-responsive clements containing these sequences to
respond efficiently and selectively to RXRa and RA. This
contrasts recently reported experimental findings indicating
that a RA-responsive element in the CRBPII gene which
contains the nucleotide sequence TG in the spacer region
between the two TGACC direct repeats also responds effi-
ciently and selectively to RXRo and RA. To address this
issue directly, two constructs containing variants of site AS’
proximal to the apoAl basal promoter in —41ALCAT are
prepared. One of these constructs contains a site AS' vanant
in which the spacer is TG instead of CCT (construct M9) and
the other contains a site AS' variant in which the first repeat
is TGACC instead of TGAAC and the spacer is TG instead
of CCT {(construct M10). These constructs and for the
purpose of comparisons, the constructs —41ALCAT. [AS']-
41ALCAT and M4 are transfected into CV-1 cells alone. in
the presence of RA and in the presence of cotransfected
RXRo in the absence or presence of RA. The CAT activity
in extracts from these cells is determined and normahized.
The CAT activity expressed by the constructs M9 and M10
in the presence of RXRa and RA is less than 3-fold greater
than that expressed by the same construct in the presence of
cotransfected RXRot but in the absence of RA. Similar
results are also obtained with the construct M2 which

contains a site AS' variant in which the spacer is TGA instead
of CCT (see FIG. 8). In striking contrast. and consistent with
the data in FIG. 8, the CAT activity expressed by the



5.700,650

19

constructs [AS'|-41AL.CAT and M4 in the presence of
cotransfected RXRo and RA is at least 5-fold greater than
that expressed by the same constructs in the presence of
cotransfected RXRo but in the absence of RA. It therefore
appears that although the nucleotide sequences TG or TGA
in the spacer region between the two TGACC direct repeats
does not interfere with the ability of RA responsive elements
to respond selectively to RXRa over other RA receptors
endogenous to CV-1 cells, the magnitude of this responsive-
ness is drastically diminished compared to that of RA
responsive elements containing the nucleotide sequence
CCT in the spacer region between these two repeats.

It is therefore concluded that the ability of site A5’ to
respond efficiently to RXRa and RA is greatly dependent
upon the presence of the nucleotide sequence CCT in the
spacer region between the two TGACC direct repeats in site
AS'.

EXAMPLE 20

Sequence CCT in the Spacer Region Between the
Two TGACC Direct Repeats of Site A5’
Determines its Selective Responsiveness to RXRoO
and RA

As shown above, the remarkable capacity of site AS' and
the variant of site AS' in the construct M4 to discriminate
between RXRa and other RA receptors endogenous to CV-1
cells is drastically diminished when the sequence CCT in the
spacer region between the two TGACC direct repeats of
these sites is replaced by the sequence TTT. Thus when the
spacer is CCT, these sites respond efficiently to RXRo and
very inefficiently to CV-1 cell endogenous RA receptors in
the presence of RA. However, when the spacer is TTT
instead of CCT these sites respond ecfficiently to these
endogenous RA receptors and very inefficiently to RXRo in
the presence of RA (FIG. 8, compare construct [AS'}-
A1 ALCAT with M3 and construct M4 with M6). Thus 1t
appears that the sequence CCT in the spacer, in addition to
its importance for efficient responsiveness of site A5’ to
RXRq and RA (see previous example), plays a fundamental
role in the ability of this site to respond selectively to RXRo
over other RA receptors endogenous to CV-1 cells in the
presence of RA. To show this directly, it is determined
whether the construct M3, which contains a site A5' variant
with the spacer TTT instead of CCT, responds to RXRa and
RA. This construct is already seen to be activated by RA
receptors endogenous to CV-1 cells in the presence of RA.
And it is known that ARP-1 binding to hormone response
elements eliminates endogenous basal responsiveness and
that subsequent cotransfection with exogenous transactiva-
tors establishes transactivator dependent transcriptional acti-
vation. Specifically, a construct similar to M3, but contain-
ing two copies of the same oligonucleotide used to generate
M3 (construct 2xM3) is cotransfected with increasing
amounts (10, 20, 50, 100 and 200 ng) of the ARP-1
expression vector, or a constant amount (50 ng) of the
ARP-1 expression vector and increasing amounts (50 and
500 ng) of the RXRo expression vector or, as a control, a
constant amount (50 ng) of the ARP-1 expression vector and
increasing amounts (50 and 500 ng) of the RARx expression
vector. The CAT activity in extracts from these cells is
determined, normalized, and used to construct the bar plots
in FIG. 9. The results in FIG. 9 show that the high levels of
CAT activity expressed from the construct 2xM3 in CV-1
cells in the presence of RA is completely eliminated by
increasing amounts of cotransfected ARP-1. Moreover, the
results show that the presence of only 50 ng of the ARP-1
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expression vector in the cotransfection mixtures inhibits
CAT expression by over 80% angd that inclusion of 50 ng or
500 ng of the RXRo expression in these mixtures does not
reverse this inhibition. In striking contrast, inclusion of only
S0 ng of the RAR( expression vector in these mixtures
completely reverses the ARP-1 mediated inhibition (FIG. 9).
Inclusion of 500 ng of the RARQ expression vector in these
mixtures reverses the ARP-1 mediated inhibition and further
stimulates CAT expression by more than 2-fold over that
expressed from the construct 2xM3 in the absence of
cotransfected ARP-1 but in the presence of RA (FIG. 9).

These results indicate that the sequence CCT in the spacer
region between the two TGACC direct repeats in site A5’
plays a determinant role in the capacity of this site to
respond selectively to RXRou over other RA receptors
endogenous to CV-1 cells in the presence of RA.
Furthermore, these results suggest that the sequence TTT in
the spacer region between the two TGACC repeats in RA
responsive elements may determine their capacity to
respond selectively to RA receptors other than RXRa.

In the foregoing, there has been provided a detailed
description of particular embodiments of the present inven-
tion for the purpose of illustration and not limitation. It is to
be understood that all other modifications, ramifications and
equivalents obvious to those having skill in the art based on
this disclosure are intended to be included within the scope
of the invention as claimed.
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SEQUENCE LISTING
( 1 ) GENERAL INFORMATION:
{ 1 11 )NUMBER OF SEQUENCES: 19
( 2 )Y INFORMATION FOR SEQ ID NO:1:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 29 base pairs
( B ) TYPE: nleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: hnear
( 1 1 ) MOLECULE TYPE: DNA (genomic)
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:1:
TACGGCCGAT GGACACCAAA CATTTCCTG 29
( 2 )} INFORMATION FOR SEQ ID NO:2:
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 28 basc panrs
( B ) TYPE: nxleic acad
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: hnear
( i 3 YMOLECULE TYPE: DNA {genomic)
( x 1 )SEQUENCE DESCRIPTION: SEQ ID NO:2:
TAGTCGACTC CACCTCATTC TCGTTCCG 2 8
( 2 ) INFORMATION FOR SEQ ID NO:3:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 27 base pairs
{ B ) TYPE: nucleic acud
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear
( 1 1 YMOLECULE TYPE: DNA (genomic)
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:3:
ATGTCGACCA GCAGCGCCAA CGAGGAC 2 7
{ 2 ) INFORMATION FOR SEQ ID NO4:
( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 35 base pairs
( B ) TYPE: mxleic acad
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: knear
( 1 i ) MOLECULE TYPE: DNA (genomic)
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TACACACAGT GCTAACTCAT TTGGTGCGGC GCCTC 35

( 2 ) INFORMATION FOR SEQ ID NO:S:

( 1 ) SEQUENCE CHARACTERISTICS:
( A )LENGTH: 19 base peurs
( B ) TYPE: nucleic acud
( C } STRANDEDNESS: double
( D ) TOPOLOGY: Lincar
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( i i ) MOLECULE TYPE: DNA (gcnomic)
{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5:

ACTGAACCCT TGACCCCTG

{ 2 ) INFORMATION FOR SEQ ID NO:6:
( i ) SEQUENCE CHARACTERISTICS:

( A ) LENGTH: 19 basc paurs
( B ) TYPE: mucleic acud
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: lincar

{ i i YyMOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CTTGACCCCT GCCCTGCAG

{ 2 ) INFORMATION FOR SEQ [D NO:7:
( 1 ) SEQUENCE CHARACTERISTICS:

( A ) LENGTH: 19 base pairs
( B ) TYPE: mucleic acid
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: hneax

( i 1 ) MOLECULE TYPE: DNA (genomic)

{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:7:

ACTGAACTGA TGACCCCTG

{ 2 )INFORMATION FOR SEQ ID NO:8:

( 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 19 base pairs
{ B ) TYPE: mucleic acid
( C ) STRANDEDNESS: double
{ D ) TOPOLOGY: hnear

{ 1 1 ) MOLECULE TYPE: DNA (genommic)
{ x 1 ) SEQUENCE DESCRIPTION: 5EQ ID NO:8:

ACTGAACTTT TGACCCCTG

( 2 ) INFORMATION FOR SEQ 1D NO:9:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 19 base pairs
{ B )} TYPE: nucleic acid
{ C ) STRANDEDNESS: double
( D ) TOPOLOGY: hinear

( 1 1 ) MOLECULE TYPE: DNA (genonmc)
{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:9:

ACTGACCCCT TGACCCCTG

( 2 ) INFORMATION FOR SEQ 1D NO:10:

{ i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 16 basc pairs
( B )} TYPE: mucleic acid
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: lincar

( 1 1 ) MOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ 11> NO:10:
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ACTGACCTGA CCCCTG

( 2 ) INFORMATION FOR SEQ ID NO:11:
( i ) SEQUENCE CHARACTERISTICS:

( A ) LENGTH: 19 base pairs
( B ) TYPE: mucleic acad
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: lincar

( 1 1 ) MOLECULE TYPE: DNA (genomc)

{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:11:

ACTGACCTTT TGACCCCTG

( 2 ) INFORMATION FOR SEQ ID NO:12:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 19 base pairs
( B ) TYPE: mcleic acid
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: linear

( i i ) MOLECULE TYPE: DNA (genomic)
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12:

ACTGAACCCT TGAACCCTG

( 2 ) INFORMATION FOR SEQ ID NO:13:

{ i )} SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 16 basc pairs
( B ) TYPE: mcleic acad
{ C ) STRANDEDNESS: double
( D ) TOPOLOGY: lincar

( i i ) MOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13:

ACTGAACTGA ACCCTG

( 2 ) INFORMATION FOR SEQ 1D NO:14:

( 1 ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 18 base pairs
( B ) TYPE: mucleic acid
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: lincar

( 3 i ) MOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14:

ACTGAACTGT GACCCCTG

( 2 ) INFORMATION FOR SEQ ID NO:15:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 18 basc pairs
( B ) TYPE: mcleic acid
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: Lincar

( i i ) MOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:15:

ACTGACCTGT GACCCCTG

( 2 ) INFORMATION FOR SEQ ID NO:16:
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~-continued

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 23 base pams
( B ) TYPE: mcleic acid
( C ) STRANDEDNESS: doubie
{ D ) TOPOLOGY: lincar

(i i ) MOLECULE TYPE: DNA (genomic)
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16:

ACTGAACCCT TGACCCCTGC CCT

( 2 ) INFORMATION FOR. SEQ ID NO:17:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 17 base pairs
( B ) TYPE: nucleic acad
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: linear

{ i+ 1 ) MOLECULE TYPE: DNA (genomuc)
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:17:

ACTGAACCCT TOACCTG

( 2 ) INFORMATION FOR SEQ ID NO:18:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 15 basc pairs
( B ) TYPE: maclesc acid
( C ) STRANDEDNESS: double
( D ) TOPOLOGY: lincar

{ i 1 ) MOLECULE TYPE: DNA (genomic)
{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:18:

CTTGACCCCT GCCCT

( 2 ) INFORMATION FOR SEQ ID NO:19:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 23 base paus
( B ) TYPE: mcleic acid
( C ) STRANDEDNESS: double
( P ) TOPOLOGY: lincar

( 1 1 ) MOLECULE TYPE: DNA (genomuc)
{ x 1 ) SEQUENCE DESCRIPTION: SBEQ ID NO:19:

ACTGAACCCGOG GGACCCCTGC CCT

What is claimed is:

1. A method for screening for a compound having retinoid
X receptor agonist or antagonist activity, which comprises
the steps of:

(a) providing a yeast strain which expresses the retinoid X
receptor and activates a reporter plasmid containing an
apolipoprotein Al gene site A mutant comprising a
nucleotide sequence selected from the group consisting
of SEQ ID NOS: 7-15 and 17;

(b) incubating the compound with the yeast strain of step
(a) in suitable media and a colorless chromogenic
substrate; and

(c) examining the media for development of color,
wherein the presence of color indicates that the com-
pound has retinoid X receptor agonist or antagonist
activity.

2. The method according to claim 1, wherein said retinoid

X receptor is fused to a yeast ubiquitin fusion system.
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3. The method according to claim 2, wherein said yeast
ubiquitin fusion system contains triosephosphate dehydro-
genase as the constitutive yeast promoter.

4. The method according to claim 3, wherein said retinoid
X receptor fused to the yeast ubiquitin fusion system is
contained in a yeast strain carrying an expression vector
identified as BJ YEpRXRx, having the ATCC designation
number 74197,

5. The method according to claim 1, wherein the chro-
mogenic substrate of step (b) is 5-bromo-4-chloro-3-indolyl-
-D-galactopyranoside.

6. The method according to claim 3, wherein said retinoid
X receptor fused to the yeast ubiquitin fusion system 1is
contained in a yeast strain carrying a reporter plasmid
identified as BJ YEpRXRo/YRpA, having the ATCC des-
ignation number 74196.
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